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FIGURE 6.3 Estimated cumulative magmatic volumes of rhyolite
and basalt erupted in the Yellowstone Plateau volcanic field. Because
there are many sources of error in both the volume and the age data
(by factors of 2 or more) this diagram should be considered only as a
schematic indication of the gross relationships between the climactic
caldera-forming eruptions and other eruptive events and between the
activity of the various cycles, not as an indication of the relationships
between most specific events.

lay beneath the Island Park area, no basalts erupted through
the major rhyolitic source area, although they did erupt epi-
sodically around its margins; a similar situation prevails around
the rhyolitic source area of the still-active Yellowstone Plateau.
Presumably, the denser basaltic magmas continued to rise from
the mantle but were precluded from reaching the surface within
the rhyolitic source area by less dense rhyolitic magma in their
paths. The rhyolitic magma chambers beneath Island Park have
completely solidified during the past million years, however,
and in the past 200,000 yr they have been broken by tectonic

fractures that allowed basalts to erupt through those fractures
onto the caldera floors (Figure 6.2).

The record of the third volcanic cycle, which is far more
complete than those of the first two, provides a model for
interpreting the older cycles. The third cycle began about 1.2
m.y. B.P. For about 600,000 yr, rhyolitic lavas erupted inter-
mittently on the Yellowstone Plateau from a slowly forming set
of arcuate fractures that eventually outlined the area that would
later collapse as the third-cycle Yellowstone caldera. Thus, a
large magma chamber apparently was forming at shallow crustal
levels, doming and stretching its roof and intermittently sag-
ging it to form the arcuate fractures. By 630,000 yr B.P., rhyo-
litic lavas had erupted through every major sector of the ring-
fracture system (see Figure 6.5). Also by that time, chemical
evolution of the voluminous silicic magma body had advanced
to a high degree and reached nearly the maximum state of
differentiation to be recorded in the subsequent ash-flow erup-
tions (see Figure 6.6). With the generation of these ring frac-
tures and the advanced chemical evolution of the magmatic
system, conditions were set for a climactic eruption that could
utilize the ring fractures as volcanic vents.

Eruptions during the preclimactic stages were generally non-
explosive, presumably because magma, rising relatively slowly
through successively shallower zones, tended to equilibrate its
volatile content to successively lower pressures. Episodic mag-
matic leaks to the surface produced rhyolitic eruptions but
quickly exhausted the exsolved volatile constituents and al-
lowed most of the magma to extrude as rather viscous lavas.
By contrast, there must have been some triggering mechanism
to begin a massive degassing of the main magma chamber,
represented by the climactic eruption of the Lava Creek Tuff.

The triggers for such climactic pyroclastic eruptions are not
well understood. It is clear, however, that the highly evolved
rhyolitic magma of the third-cycle Yellowstone magma chamber
developed a vertical compositional zonation just before the
climactic eruption (Figure 6.6). As discussed by Hildreth (1981),
such a zoned magma body should have a marked upward con-
centration of volatile constituents. In addition, deeply circu-
lating hydrothermal waters may enter such a rising magma body
and help bring it to volatile saturation. Possibly, in such a
system, downward propagation of the ring fractures from the
stretching surface above the rising magma body eventually
penetrates the main magma chamber, where a fault-displace-
ment event causes a transient pressure drop in the magma and
exsolution of a gas phase from the dissolved volatile constitu-
ents. Such a sequence of events might initiate a chain reaction
of saturation, pressure reduction, volatile exsolution and de-
gassing, gas-lift of the frothing magma through the opening
ring fractures, and further pressure reduction. Whatever the
trigger may be, such a degassing process, once begun, probably
continues at a rate constrained only by the dimensions of the
fractures that connect the magma to the surface until pressure
equilibrium is restored in the magma chamber or until down-
ward tapping of the zoned magma body reaches the limits of
the physical properties that allow rapid magma flowage (R. L.
Smith, 1979). During this brief explosive degassing a significant
proportion of the magma in the chamber expands by frothing
then chills and shatters by explosive pressure relief. The